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straight. The round pin head turns freely in the hole of the fixed part of the 
swivel when the shaft rotates. Outside electrical connection is made with the 
wire by means of the mercury. This device is used on both ends of the shaft 
so as to complete the circuit. In the first trials, the shaft formed part of the 
circuit, but there were disturbing thermal and contact electromotive forces 
at high speed. By completing the circuit with a wire through a hole along the 
axis of the shaft, these disturbing electromotive forces were eliminated. The 
following are examples of changes of resistance at rest and at a speed of about 
4,000 r .p .m. 

R. at rest 
R. at 4000 db r.p.m 

Differences 

.124843 

.132296 

.00745 

.124391 

.131167 

.006776 

.123488 

.131167 

.007679 

.0733497 

.972447 

.000902 

.072447 

.072898 

.000451 

.065044 

.060948 

.000904 

These resistances were determined with a Carey-Foster bridge. The dif
ferent resistances at rest were due to use of different connecting wires WW. 
It is seen that the changes of resistance between rest and motion varied between 
.5 and .9 of one per cent, of the actual contact resistance at rest, and of course 
a much smaller percentage of the total resistance of the circuit. Potentiometer 
measurements showed that the disturbing thermal and contact electromotive 
forces were very small, of the order not more than one hundred thousandth of 
a volt. The above contact is being used in an investigation in progress. The 
device is reported now as it may be important for others in their investigations. 

T H E EFFECT OF PRESSURE AND GAS CONTENT ON THE ACTION OF VACUUM-

TUBE DETECTORS. 

BY H. A. BROWN AND CHAS. T. KNIPP. 

IN recent years there has been put on the market a class of vacuum tubes 
known as "gas content detector tubes." The advantage of using this type 
of tube as a detector lies in the fact that it does not require a high-plate voltage 
for its operation. It is commonly believed that such a tube gives louder re
sponse to signals than one having a higher vacuum. It is well known that 
the low vacuum tubes have critical adjustments of plate voltage and filament 
current to secure the best response to signal currents. This is not the case for 
high vacuum tubes. The purpose of the present investigation was to show 
from experimental data just how the degree of vacuum and the nature of the 
gas in the tube affect its operation as a detector. 

The pressure of the gas in the tube was varied and readings were taken of 
the plate voltage for the loudest signal response (called the " operating 
voltage"), and also of the comparative intensity of signal response for various 
measured pressures. This was done for several tubes of the same type and for 
tubes of different types and makes. Measurements of the operating voltage 
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versus pressure were also made with different gases successively introduced 
into the same tube. 

The effect of various pressures and kinds of gas upon the critical adjustment 
characteristics was also measured. The intensity of response passes through 
a maximum for each pressure as plate voltage or filament current increases. 
Different gases were successively introduced into the same tube and measure
ments were made of comparative best signal response for each gas. The results 
were arrived at after repeating the test for several tubes, and are summarized 
at the end of this abstract. Measurements were made of the amplification 
constant and mutual conductance of different tubes with varying plate voltages 
for different pressures. If the amplification constant is a function of the geom
etry of the tube, the presence of gas alters the effective geometry of the tube as 
the curves clearly show. When gas is present the amplification constant 
decreased with increasing filament current above normal values while the 
measured value of mutual conductance increased. However, the intensity of 
signal response passed through a maximum for increasing filament current. 
The variations of the mutual conductance were very similar to the variations 
of intensity of signal response with varying plate voltage at different pressures. 
Data were taken which showed that the characteristic humps in the plate 
current-grid voltage curves for tubes containing gas were not present when 
the tube content was helium, the filament being tungsten, nor were humps 
present for oxide-coated filament tubes containing neon or air. 

The tabulated conclusions from the results obtained follow: 
1. The degree of vacuum in a detector tube is important. A pressure of 

•0025 to .005 mm. of mercury gives two to three times as loud response as does 
a pressure of .05 mm. of mercury. 

2. The operating voltage for the most desirable vacua above mentioned is 
40 to 50 volts. 

3. The adjustments of operating voltage and best filament current are much 
easier at the above degrees of vacua, and this fact, with the doubled intensity 
of audible response, fully justifies the provision of a higher plate voltage than 
is now needed for many low vacuum detector tubes. 

4. The operating voltage varies with the pressure in the tube along a curve 
of the form E0 = ei{a)xlP. £ 0 is the operating voltage, ei is probably the 
ionizing potential of the gas, P is the pressure, and " a " is constant. For 
various gases the variation gives very similar curves. 

5. The bend in the above curve occurs at the point of best audibility of 
response, or .003 to .005 mm. of mercury, and operating voltages of about 40 
to 50 volts. To the right of the bend (increasing pressure) adjustments of 
operating voltage and filament current become critical. 

6. The introduction of neon, nitrogen, or carbon dioxide does not show any 
change in audibility or intensity of response from that obtained with air in 
the tube. Argon gives a somewhat louder response, and helium a slightly 
weaker response. 

7. Hydrogen gives a very much weaker audibility of response. 
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8. The degree of critical adjustment of plate voltage and filament current 
for best response is about the same for air, nitrogen, neon, and carbon dioxide. 
Hydrogen tubes are somewhat more critical. 

9. The operating voltage is approximately 30 per cent, higher for helium-
filled tubes than for those mentioned above at the same degree of vacuum. 

10. The operating voltage is considerably less critical for helium-filled 
tubes than for any other gas content, and compares with those tubes having 
fair vacuum. 

11. Mercury vapor gives better signal response than the other gases tried, 
while for the former the operating voltage is lower at similar pressures. The 
operating voltage for mercury vapor varies from 16 to 22 volts depending on 
the vapor pressure and hence on the temperature of the walls of the tube. The 
operating voltage and best filament current are also less critical for mercury 
vapor than for neon, argon, air, or carbon dioxide. 

12. For all of the gases tried the audibility of signal response rises to a 
maximum as the pressure is lowered below .005 mm. of mercury. 

13. The operating voltage at low vacuum depends on the ionization potential 
of the gas in the tube, but the former is about five or six volts higher than the 
latter up to pressures of .06 to .08 mm. of mercury. Comparative operating 
voltages for helium, argon, neon, and mercury vapor tube content show this to 
be true. 

Several other interesting results, and a full discussion of the various factors 
entering and precautions observed, are described in the extended paper which 
will be published soon. 

UNIVERSITY OF ILLINOIS, 
August, 1921. 

SOME REMARKS ON ELECTROMAGNETIC INDUCTION. 

BY S. J. BARNETT. 

THIS paper is devoted to historical, critical, and expository comments on 
matters connected with experiments previously made by the author in various 
parts of the field of electromagnetic induction. 

Experiments on the motion of insulators in magnetic fields by Faraday, 
Blandlot, H. A. Wilson, M. Wilson, and the author are referred to, and the 
theory is given in sufficient detail to show that the interpretation given by 
Larmor and Wilson is not tenable. Theoretical difficulties involved in Hertz's 
theory are pointed out. An additional observation made by the author is 
described. 

Attention is called to the facts that the author's experiments on electro
magnetic induction in the case of rotary motion, often misquoted, were not made 
to solve the so-called problem of unipolar induction, and that the results 
obtained were clearly stated in the original paper to be in accord with current 


